Objective. To investigate the relationship between sarcopenia and diabetic nephropathy. Methods. 56 diabetic patients without complications, 50 diabetic patients with nephropathy, 53 healthy controls included in this present study. Demographic characteristics such as sex, age, anthropometric measurements such as weight, body mass index [BMI], hip circumference, waist circumference and upper arm circumference were measured. Sarcopenia diagnosis was based on European Working Group on Sarcopenia in Older People [EWGSOP] criteria which consist of hand grip strength, 6-meter walking test and muscle mass.
INTRODUCTION
Sarcopenia was first described by Rosenberg in 1989 as "involuntary muscle loss in the elderly and consequent reduction in muscle function". Recent studies have suggested that the definition of sarcopenia has had a change to "progressive reduction in age-related muscle function and mass" [1] . To be called sarcopenia; muscle mass, strength and physical performance must be assessed. The tests used in these evaluations are very diverse also the cost, ease of access and availability have shown differences between the way it has been used [2] . In a study by the Health and Nutrition Society, the prevalence of sarcopenia in the population over 60 years of age was 20% [3] . Along with the aging population, the prevalence of sarcopenia is predicted to increase. Female gender, low birth weight, advanced age, malnutrition, sedentary lifestyle, substance abuse and chronic diseases are risk factors for sarcopenia.
The prevention of the occurrence of sarcopenia is important because it minimizes the risk of falling and increases the ability to live independently. The existence of a healthy and trouble-free skeletal muscle means an independent life. Diabetes Mellitus [DM] is a chronic disease that tends to increase in prevalence all over the world and affects the quality of life and its duration in the negative direction due to its major complications. WHO estimates that, globally, 422 million adults aged over 18 years were living with diabetes in 2014 worldwide [4] . It is predicted that this number will reach 285 million in 2010 and reach 439 million by 2030 [5] . The frequency of diabetic nephropathy, which is one of the most important complications of DM, is rapidly increasing due to the increase in DM prevalence and the positive increase in diabetic patients during life. Diabetic nephropathy is the most common cause of end-stage renal disease [ESRD] in the world's general population, with diabetic patients predominantly in dialysis-requiring patients. In Type 2 DM patients, the prevalence of microalbuminuria was reported to be 25-40% after about 10 years of diagnosis. 20% of cases with nephropathy are reported to develop ESRD within 20 years. Therefore, early detection of diabetic nephropathy is important to prevent development of ESRD.
With aging process, muscle mass seems to be gradually decreasing. The muscle mass, which constitutes about one third of the total body weight at an early age, declines in advancing ages and falls to half when it reaches 75 years of age. Loss of muscle mass usually results in loss of strength in the back, arm, waist and leg muscles. Diabetic patients are prone to accelerated aging process and these individuals are at an early age with loss of muscle mass and strength due to various factors.
Herein our aim was to examine the relationship between diabetic nephropathy and sarcopenia. In the case of Sarcopenia, in addition to criteria 1, the presence of criteria 2 or criteria 3 is required. Based on these diagnostic criteria, sarcopenia diagnosis was based on objective criteria and at the same time diagnosis was not limited to muscle mass. In our study, muscle mass was calculated by the bioelectrical impedance method [Omron body composition monitor, Omron Healthcare®]. In order to standardize measurements, all measurements were taken 2 hours after breakfast or before lunch. Measurements were not made after too much water ingestion and after intense exercise. Measurements were made at the patient's feet and hands in a nude 900 position, holding the hand electrodes at 900 flexors and hands, without bringing knee flexion. Measurements were made three times, arithmetic averages were taken and the value obtained was used in the analyses. Muscle mass was obtained by multiplying the body muscle percentage found by BMI. The body fat percentage was also calculated at the same time as the Omron body composition monitor. Different results have been reported for low muscle mass threshold values.
MATERIALS AND METHODS

This
Muscle strength was assessed using a digital hand dynamometer [Baseline smedley digital hand dynamometer]. Based on the work done by Wang et al. [6] , hand grip strength was considered to be under 26 kg for males and 18 kg for females. After informing about the patient's dynamometer, they were allowed to try 3 times. Afterwards, they were asked to squeeze the hand dynamometer with their maximum power, three times in total, and the best results were based.
Patients' physical performance was assessed using a 6-meter walking test. The 6-meter walking test was reported to be successful in evaluating physical performance. Accordingly, it is defined as a slow walking less than 1.0 m/sec in the 6m walking test. The test was conducted on a flat surface, where patients were asked to walk without any constraint on the desired distance. The use of the assistive device was allowed if the patient was using it before the test. The walking test was performed twice in our study and the averages of the measurements were taken.
Statistical analysis
Statistical analyses were performed using the SPSS version 20.0 [IBM® Inc, Chicago, USA] package program. Descriptive statistics is summarized as number, percentage, mean and standard deviation. The suitability of the variables for the normal distribution was investigated using visual [histogram and probability graphs] and analytical methods [Kolmogorov-Smirnov, Shapiro-Wilk tests]. Numerical variables determined according to normal distribution were compared between two groups using Independent T test, and using One-Way ANOVA test between three groups. The homogeneity of the variances was assessed by the Levene test. Post-hoc analyses were performed with the Bonferroni test in cases with significant differences.
Numerical variables without normal distribution were compared between two groups using Mann Whitney U test and three or more groups Kruskal Wallis test. Chi-square analysis was used to compare the nominal data. Logistic regression (enter method) with sarcopenia as dependent variable was used. Comparisons under the p value of 0.05 were considered statistically significant in the statistical analyses in the study.
RESULTS
A total of 159 participants were included in the study. . The mean duration of diabetes in the diabetes group was 6.7 ± 6.2 years, and in the diabetic nephropathy group it was 10.0 ± 7.3 years. The average duration of diabetes in the diabetic nephropathy group was higher than in the diabetes group [p = 0.014]. The mean BMI of the diabetes group was 31.4 ± 5.1, the diabetic nephropathy group was 31.3 ± 6.4, and the control group was 31.0 ± 5.7. The groups were similar in terms of
The groups were similar in terms of tight, waist, hip and upper arm circumferences (Table 1) .
Also, there were no differences concerning the skin thickness, mean fat percentage, and mean visceral fat amount (Table 2) .
There was a statistically significant difference in percentage of muscle mass between the groups [p = 0.043]. In the post-hoc analses performed, the percentage of muscle mass in the diabetic nephropathy group was lower than in the control group [p = 0.045]. There was no difference in percentage of muscle mass among the other groups. When the gender effect was evaluated, the percentage of muscle mass of male participants [34. There was a statistically significant difference between the groups in terms of hand grip strength [p = 0.015]. In the post-hoc analyses performed, the grip strength of the diabetic nephropathy group was found to be lower than the control group [p = 0.023]. There was no difference in hand grip strength among the other groups. When the sex effect was evaluated, it was seen that the hand grip power of male participants [32.3 ± 9.7] was significantly higher than that of females [17.
There was a statistically significant difference in walking time between the groups [p < 0.001]. In the post hoc analyses performed, the gait duration of the control group was lower than of the diabetes group [p = 0.003] and the duration of the diabetes group was shorter than of the diabetic nephropathy group [p < 0.001]. When gender effect was evaluated, it was seen that walking time of male participants [7.9 ± 3.2] was significantly shorter than that of females [10.6 ± 3.7] [p < 0.001]. The mentioned parameters were summarized in Table 3 .
The prevalence of Sarcopenia was 23.3% in all patients. The prevalence of sarcopenia in the diabetes group was 21.4%, in the diabetic nephropathy group it was 34% and in the control group 15.1% (Figure 1) .
The prevalence of Sarcopenia in the diabetic nephropathy group was not significantly different from that of the diabetes group [p = 0.147], but it was statistically significantly higher than that of the control group [p = 0.025]. In terms of the prevalence of sarcopenia, the difference between diabetes and control groups was not statistically significant [p = 0.147]. The mentioned parameters were summarized in Table 4 .
The frequency of sarcopenia increased gradually with the severity of disease (control without diabetes, diabetes without complications, diabetes with nephropathy: X 2 = 33.3 for trend, p = 0.029, Table 5 ). The presence of diabetes with nephropathy increased 2.89 times the risk of sarcopenia compared to healthy controls. Sarcopenia has been frequently studied in the general population, especially in elderly individuals.
From the combined criterion recommended by the Sarcopenia EWGSOP or the "Asian Working Group for Sarcopenia" [AWSG], it has been extensively assessed separately for muscle strength, muscle mass or physical performance in the majority of studies. Studies using these combined criteria to study sarcopenia in diabetic patients are very limited. Among these studies, the study by Wang et al. reported 14.8% of Sarcopenia and 14.4% of presarcopenia in diabetic patients [7] . These ratios, which were significantly higher than the control group, were 11.2% and 8.4% in the control group, respectively. Kim et al. reported that the frequency of sarcopenia was 15.7% in diabetic patients and 6.9% in the control group [8] . In our study, the prevalence of sarcopenia was 21.4% in diabetic patients and 15.1% in the control group.
Although the frequency of sarcopenia in diabetic patients was higher than in the healthy control group in our study, the difference was not statistically significant. This was probably due to the small number of patients. However, the frequency of sarcopenia in diabetic nephropathy group was significantly higher than in the healthy control group.
Insulin, a anabolic hormone, stimulates protein synthesis and therefore muscle synthesis. Protein degradation and synthesis in the skeleton continues to be continuous. When there is a defect in the insulin signaling pathway, muscle synthesis may be reduced. Functional disability, muscle weakness and loss of performance are frequently encountered in diabetic patients. Therefore, it is thought that the frequency of sarcopenia increases in diabetic patients. However, the number of studies examining sarcopenia in diabetic individuals is limited. In a study conducted by Kalyani et al. In the Baltimore Longitudinal Study of Aging, it was stated that hyperglycemia assessed by HbA1C is associated with decreased muscle strength [assessed by knee extensor muscle strength] [9] . In this study, peripheral polyneuropathy was also found to mediate sarcopenia-diabetes association. In a study by Park et al. "Health, Aging, and Body Composition [Health ABC]", diabetic individuals showed a greater knee extensor strength reduction than non-diabetic individuals [10] . In this Park's et al. study, which was the follow-up period of 3 years, muscle strength, muscle mass and muscle quality decreased with diabetes. Another study by the same group reported that diabetic women showed a 2-fold reduction in cross-sectional muscle area compared to non-diabetic women [11] . In a study conducted by Sayer et al. it was reported that muscular strength and physical function losses were higher in males with new diabetes mellitus than in nondiabetics [12] . It is thought that the decrease in muscle mass and muscle quality in diabetic patients starts from the early stages of diabetes. Although there are studies examining the relationship between diabetes and sarcopenia, as far as we know, there are no studies examining the prevalence of sarcopenia in diabetic nephropathy. Therefore, it has been shown for the first time in our study that the prevalence of sarcopenia increases in the presence of nephropathy. The prevalence of sarcopenia in diabetic nephropathy was significantly higher than in the healthy control group [p = 0.025], even though the frequency was not higher than in diabetic patients without nephropathy [p = 0.147]. Some possible explanations for this relationship can be made. Diabetic nephropathic glucose is linked to proteins, lipids, and nucleic acids by nonenzymatic pathways to form advanced glycation end products [AGEs] . AGE formation has also been shown to mediate the pathogenesis of sarcopenia. AGEs accumulate in skeletal muscles and cartilage tissue, causing joint stiffness and muscle strength to decrease. It is known that the production of oxidative stress and reactive oxygen radicals responsible for the pathogenesis of nephropathy causes DNA and protein damage. Wang et al. [7] reported that the reduction of these associated IGF-1 levels was effective. It has previously been expressed that impairment of muscle function with reduced IGF-1 levels. On the other hand, it is known that sarcopenia is mediated by neuropathy in diabetic patients. Increased frequency of peripheral neuropathy has been shown in the presence of diabetic nephropathy. Since nephropathy is associated with accumulation of toxic metabolites in muscle proteins, it also results in defects in muscle quality and protein architecture. This can result in decreased muscle function. Diabetic nephropathy and sarcopenia may be thought to be mediated by neuropathy. When considered together, it can be said that the pathogenesis of diabetes and nephropathy is similar to the pathogenesis of sarcopenia at the same time. On the other hand, although nephropathy is seen even in the early stages of diabetes, the frequency increases in the following periods.
Fukuda et al. reported that the prevalence of sarcopenia increased in patients with diabetic retinopathy [13] . Kalyani et al. showed a similar association in patients with with diabetic neuropathy [9] . To our knowledge, in our study, the relationship between diabetic nephropathy and sarcopenia was investigated for the first time. All of these are microvascular complications of diabetes and it can be said that the sarcopenia risk increases with microvascular complications. For this reason, taking preventive measures for patients at risk, preventing the occurrence of sarcopenia, especially in elderly patients, will increase the independence in terms of functioning, especially considering the high risk of sarcopenia in microvascular diabetic complications.
In literature, sarcopenia frequency has been reported at different rates in different populations. There were some reasons why the reported prevelances showed great variability. In some studies, low muscle mass was defined as having under 2 SD of adult individuals, while in some studies threshold values were established using muscle masses of elderly individuals. Total fat-free body mass was also preferred when evaluating the frequency of sarcopenias beside muscle mass. While appendix muscle mass is preferred in some of the studies using skeletal muscle, total skeletal muscle mass is preferred in some of the studies. On the other hand, the use of different diagnostic criteria [muscle mass, muscle strength, physical performance, etc.] and the use of different threshold values contributes to a wide range of reported sarcopenia frequency by different methods of evaluation of sarcopenia [DXA, BIA etc.] . In addition, it can be considered that the geography affected also affects the frequency of sarcopenia.
In the study performed by the EWGSOP group, sarcopenic frequency was found to be 24.2% in males and 39.0% in females when assessed by bioelectrical impedance analysis. In the same study, when the DXA method was chosen for the evaluations, the prevalence decreased to 13.2% for males and 3.2% for females. In the study conducted by the AWSG group in 2014, 7.1% of males and 19.8% of females were reported using the BIA method [14] . These findings are close to our results.
In our study, the muscle mass, walking speed and muscle strength threshold values used in the evaluation of sarcopenia were based on the results of Bahat et al.'s work in our country [15] . The threshold values found in the study of Bahat et al. were reported to be close to the threshold values reported from France, Spain and Taiwan, although the mean values were somewhat higher than those of the other studies, and the sensitivity and specificity of the proposed threshold values were high.
In the elderly, systemic conditions or risk factors associated with sarcopenia, which are important causes of disability, have been identified. In our study, the higher frequency of sarcopenia was related to advanced age, higher HbA1C levels, presence of nephropathy and low muscle mass.
Landi et al. [16] reported that sarcopenia was seen more frequently in males, but on the contrary, Yu et al. reported that females were seen more frequently [17] . In our study, total muscle mass, hand grip strength and walking speed were lower than expected in males, but the prevalence of sarcopenia was similar [25% vs. 22.3%].
It has been suggested that there are various mechanisms under which the increase in the frequency of sarcopenia with age is seen. These factors include changes in growth hormone, insulin, estrogen and testosterone levels, increased proinflammatory cytokines, increased cell apoptosis, qualitative and quantitative reduction of nutrition, and neurogenic causes. Number of motor units decreases with age and it is known that there is a decrease in the diameter of the type II fibers with the increase in the age, and at the same time the ratio of type I fiber increases.
In our study, it was shown that body mass index was lower in the presence of sarcopenia. This relationship is confirmed by Waters and Baumgartner [18] [19] . Sarcopenic obesity has been suggested by Kohara K [20] as a sign of simultaneous obesity with sarcopenia. Both obesity and sarcopenia have been reported to have an impact on metabolic disorders, morbidity and mortality. When taken together, it has been suggested that these effects potentiate each other. Complex pathophysiological mechanisms such as proinflammatory cytokines, increased oxidative stress, increased insulin resistance, and decreased physical activity have been implicated in the relationship between sarcopenia and obesity.
Our work had some limitations. Firstly our study was a descriptive type of work and therefore it cannot demonstrate cause-effect relationships. Secondly, it had small sample size and did not evaluate the relationship between sarcopenia and smoking, blood pressure and serum lipids.
CONCLUSION
As far as we know in our study, we examined the frequency of sarcopenia in patients with diabetic nephropathy for the first time in the literature. It has been shown that sarcopenia, which has an increased frequency in the elderly, is also accompanied by diabetic nephropathy more frequently. Increased risk of stroke, fracture, gait disturbance or difficulty, sarcopenia associated with disability, infection, reduced quality of life and increased mortality is further heightened when the prevalence of the elderly population and diabetes increases. Sarcopenic formation may be prevented or delayed by protective measures such as: tight glycemic control, and physical activity programs.
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